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Injector Device With Force Lock-Out And Injection Rate Limiting Mechanisms 

Field of the Invention : 

The present invention relates generally to substance delivery devices. Specifically, 
one implementation of the invention relates to an injection device and method that 
incorporates a lock-out mechanism to prevent or minimize leakage of medicament during and 
after delivery by ensuring proper contact with the skin surface prior to activation. This 
application contains subject matter related to that disclosed in a U.S. Patent Application of 
Pettis et al., entitled "Microneedle-Based Pen Device For Drug Delivery And Method For 
Using Same", Serial No. 10/238,958, filed on September 11, 2002, and in a U.S. Patent 
Application of Marsh et al., entitled "Injection Device With Secondary Reservoir", Serial No. 
1 1/1 02,874, the entire content of each application being incorporated herein by reference. 

Background of the Invention : 

Currently, several injection systems are commercially available for subcutaneous 
substance delivery of medication. Pen-type injection systems typically use 29 to 3 1 gauge 
needles having lengths of between about 5 mm and 12.7 mm, and are used to deliver the 
contents of a medication cartridge, such as insulin, to the subcutaneous tissue layers of a 
patient rapidly and conveniently. Additional details of intradermal drug delivery have been 
previously described in U.S. Patent Application Serial No. 09/835,243, filed April 13, 1999, 
and Serial No. 09/417,671 filed October 14, 1999, the entire content of each application being 
incorporated herein by reference. 

A "microneedle" pen system has also been developed that further serves to reduce the 
pain and sensation to the user normally experienced with subcutaneous substance delivery. 
Such microneedle drug delivery systems may include shorter needles, typically less than or 
equal to about 3 mm, and having smaller diameters, typically in the range of between about 
30 to 34 gauge or thinner. Such needle length and gauge design combinations are desirable 
to provide for sharp, yet short, point geometries that can more accurately target substance 
delivery, thereby permitting controlled delivery to only certain selected tissue, such as the 
deep intradermal or shallow subcutaneous tissue layers. Current typical pen injection 
systems used for subcutaneous delivery are not believed to be optimal for use by the general 
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population of self-injectors because of, inter alia, the high backpressures associated with 
injecting fluid into the intradermal layers of the skin using the microneedles. 

To achieve effective delivery in light of higher backpressure, it is desirable to control 
two factors: the depth accuracy of the injection and the rate of the injection. The delivery of 
medicament within the narrow depth range of the intradermal tissue layer should first be 
assured and maintained during injection. Once the depth accuracy is obtained, the rate of 
injection should be controlled to minimize or eliminate leakage of the medicament. 
Additional details of intradermal drug delivery and microneedles have been previously 
described in U.S. Patent No. 6,494,865, issued on December 17, 2002, U.S. Patent No. 
6,569,143, issued on May 27, 2003, and related U.S. Patent Application Serial No. 
10/238,958, filed September 11, 2002, all of which are assigned to Becton, Dickinson and 
Company, and the entire contents of each such patent and application being incorporated 
herein by reference. 

The intradermal tissue layer of the skin is considerably denser than the subcutaneous 
tissue region. The density of the intradermal tissue space on a particular patient is, in part, a 
function of the collagen make-up which is affected by the patient's age and the location of the 
injection site on the patient's body. This increased density of the intradermal tissue layer can 
create greater backpressure resistance on the injection device than the resistance created when 
injecting into the subcutaneous tissue region. To overcome the increased backpressure 
resistance when injecting into the intradermal tissue layer with a conventional pen system, the 
user or patient must exert greater force or pressure (which could be substantial), on the 
injector device actuator or employ an injector device incorporating a means for generating a 
mechanical advantage. In these applications, the injector device should preferably be 
designed to withstand the greater backpressure from the intradermal injection site, as well as 
facilitate the use of additional force or pressure exerted by the user or patient. It must be 
noted that the increased fluid pressure of the medicament required to actuate the injector 
device, if not carefully controlled, may result in "jetting" the medicament past the desired 
tissue depth, which would be undesirable. 

Conventional pen-type injection systems may also require that the user keep the 
needle seated in the skin for a period of up to 10 seconds to allow the "axial compliance" of 
the pen mechanism (or a lead screw) and the cartridge back-end stopper to equilibrate to 
minimize "drool" from the needle tip upon withdrawal. 
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Therefore, a need exists to provide an injection pen device and method that 
incorporates a feature to prevent or minimize leakage of a medicament during and after 
delivery by ensuring accurate injection depths and optimum injection rates. 

Summary of the Invention 
An aspect of one implementation of the present invention is to provide an injection 
device having a lock-out mechanism, wherein the plunger/injection mechanism of the 
injection device is inoperable unless a lock-out release force is applied to the proximal end of 
the device (such as by the application of the injection device to a skin surface). The lock-out 
mechanism of the device therefore prevents injection unless the needle of the device is fully 
seated and a lock-out release force is being applied to the skin surface. 

Another aspect of one implementation of the present invention is to provide an 
injection device that incorporates the lock-out mechanism to ensure that proper skin contact 
and contact force is present prior to injection. 

Another aspect of one implementation of the present invention is to provide an 
injection device that incorporates a rate-limiting mechanism to ensure that the delivery rate of 
a medicament from the device, once activated, is at an optimal rate corresponding to a 
receiving tissue's ability to accept the medicament. 

These and other aspects are substantially achieved by providing a system and method 
for an injector device incorporating a lock-out mechanism designed to eliminate or minimize 
leakage of the medicament during and after delivery to the intradermal space. The lock-out 
mechanism ensures that the required needle puncture depth is realized prior to injection of the 
medicament by preventing, or "locking-out", the injection mechanism from advancing until a 
specified force is applied to the skin surface. 

The injector device further incorporates a rate-hmiting mechanism that is also 
designed to eliminate or minimize leakage of the medicament during and after delivery to the 
intradermal space. In one implementation of the present invention, the rate-limiting 
mechanism ensures that a specific rate of injection is realized during injection of the 
medicament by incorporating a rate limiting force mechanism (such as a spring) that is 
positioned in-line with the injection mechanism portion of the injector device. This rate- 
limiting mechanism can be set, or armed by the user to deliver a desired dosage rate via a 
dialing mechanism provided at a distal end of the device. 

Once the lock-out release force has been achieved and the lock-out mechanism 
activated, the rate-limiting mechanism controls the rate at which the medicament is driven 
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into the intradermal space by the plunger/injection mechanism of the device, and prevents the 
medicament from jetting back through the skin or being delivered below the desired tissue 
depth (that is, into the intradermal space). 

Further objectives and advantages, as well as the structure and function of exemplary 
embodiments, will become more apparent from a consideration of the following description, 
drawings and examples. 

Brief Description of the Drawings 

These and other objects, advantages and novel features of the invention will be more 
readily appreciated from the following detailed description when read in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is an exploded view illustrating an example of a device assembly according to 
an embodiment of the present invention; 

Fig. 2 is a cross-sectional side view of the device of Fig. 1 in a pre-injection position; 

Fig. 3 is a cross-sectional side view of the device of Fig. 1 in a dialed-out, pre- 
injection position; 

Fig. 4A is a cross-sectional side view of the device of Fig. 1 in an in-use position; 

Fig. 4B is an enlarged cross-sectional side view of the compressed rate limiting and 
lock-out springs and disengaged ratchet arms of Fig. 4A; 

Fig. 5 A is a cross-sectional side view of the device of Fig. 1 in a post-use position; 

Fig. 5B is an enlarged cross-sectional side view of the released rate limiting and lock- 
out springs and engaged ratchet arms of Fig. 5A; 

Fig. 6 is a perspective view illustrating an assembled and uncapped device according 
to an embodiment of the present invention; 

Fig. 7 is a perspective view illustrating an assembled and capped device of Fig. 1 
according to an embodiment of the present invention; 

Fig. 8 is an enlarged perspective view of a needle stop for intradermal injections for 
use with the device of Fig. 1; and 

Fig. 9 is a cross-sectional perspective view of the device of Fig. 1 in use. 

In the drawing figures, it will be understood that like numerals refer to like structures. 
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Detailed Des cription of the Exemplary Embodiments 
In Fig. 1, an exemplary embodiment of the present invention is shown. Fig. 1 is an 
exploded view illustrating an example of a device assembly according to an embodiment of 
the present invention, and Figs. 2 through 5 are cross-sectional side views of the device of 
Fig. 1 in sequential operating positions. Specifically, Fig. 2 illustrates the device in a pre- 
injection/dialed-in position, Fig. 3 illustrates the device in a pre-injection/dialed-out position, 
Figs. 4A and 4B illustrate the device in an in-use position, and Figs. 5A and 5B illustrate the 
device in a post use position. Each position is described in greater detail below. Figs. 6 and 7 
are perspective views illustrating an assembled and uncapped device, and an assembled and 
capped device, respectively, according to an embodiment of the present invention. 

In the embodiment of the present invention shown in Figs. 1 through 5, an injection 
device, exemplified by a pen injector device 100, comprises a plunger 10, a main body 20, an 
outer sleeve 30, and a cap 40. The device 100 further comprises a drive or rate-limiting 
spring 50 captured between the plunger 10 and the outer sleeve 30, and a skin pressure or 
lock-out spring 52 captured between the outer sleeve 30 and the main body 20. 

The outer sleeve 30 further comprises a plurality of ratchet arms 32, a plurality of 
integral travel limits or stops 34 for defining the travel of the main body 20, an integral stop 
36 to capture the lock-out spring 52, and an end member 38 to capture the rate-limiting spring 
50. Disposed within the outer sleeve 30, the plunger 10 comprises a first end having a 
coupling mechanism for securing a plunger knob 12, a plurality of ratchet teeth 14 disposed 
upon an outer circumference of the plunger body for engaging the ratchet arms 32, a shoulder 
16 to capture the rate-limiting spring 50, and a second end for engaging a dosing mechanism. 
The coupling mechanism of the plunger 10 can comprise any suitable mechanism, such as a 
press fit type joint, for securing the plunger knob 12 to the plunger 10. Also disposed within 
the outer sleeve 30, the main body 20 comprises an integral stop 22 for restricting the travel 
of the main body 20 to a span between stops 34, and further comprises an integral stop 24 to 
capture the lock-out spring 52. The main body 20 further comprises a tapered upper body 
surface 28 for contacting and deflecting the ratchet arms 32, and further engages a 
medicament cartridge 26 with an integral septum 74 at an opposite end thereof. 

The device 100 further comprises a dosing mechanism housing 60, a lead screw 62, a 
back-end stopper 64, a needle hub 76 with an integral needle stop 70, and an intradermal pen 
needle 72. The needle hub 76 is secured to the medicament cartridge 26 via threads, luer lock 
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features, or other such mechanical means of attachment. The integral needle stop 70 and 
intradermal pen needle 72 are secured to the medicament cartridge 26 via the needle hub 76. 
Once secured, the distal end of the intradermal pen needle 72 penetrates the septum 74 to 
provide a pathway for the desired medicament to travel from the medicament cartridge 26 to 
the targeted tissue, in this case, the intradermal or short subcutaneous tissue. 

The main body 20 is slidably captured within the outer sleeve 30, and extends 
between the medicament cartridge 26 at a proximal end, and the tapered upper body surface 
28 at a distal end of the main body 20. Specifically, the main body 20 comprises a cylindrical 
body having an outer diameter slightly less than an inner diameter of the outer sleeve 30. The 
main body 20 further comprises the integral stop 22 about an outer circumference, which is 
captured between the integral stops 34 about the inner circumference of the outer sleeve 30. 
Accordingly, the main body 20 is free to move within the outer sleeve 30 between the 
integral stops 34. 

The outer sleeve 30 further houses the plunger 10, wherein the plunger 10 extends 
through the outer sleeve 30 and the main body 20 to engage dosing mechanisms, which 
comprise the dosing mechanism housing 60, lead screw 62 and back-end stopper 64. The 
dosing mechanisms each comprise features well known to those skilled in the art, therefore a 
detailed description thereof is omitted. 

The plunger 10, having the plunger knob 12 which extends from the distal end of the 
outer sleeve 30, further captures the rate-limiting spring 50 between the end member 38 of 
the outer sleeve 30, and the shoulder 16 of the plunger 10. Accordingly, movement of the 
plunger 10 in the distal direction will compress the rate-limiting spring 50, and movement of 
the plunger 10 in the proximal direction will relax the rate-limiting spring 50. Further, when 
the rate-limiting spring 50 is compressed, the spring exerts an expansion force between the 
end member 38 of the outer sleeve 30 and the shoulder 16 of the plunger 10, thereby urging 
the plunger 10 at a limited rate in the proximal direction within the device 100. The shoulder 
16 can be constructed having a small diameter and one or more beveled surfaces to facilitate 
assembly, but sufficiently large enough to capture the rate-limiting spring 50. 

The plunger 10 further provides the plurality of ratchet teeth 14 upon an outer 
circumference thereof, which can engage the plurality of ratchet arms 32 of the outer sleeve 
30. Specifically, the ratchet arms 32 are formed as flexible beams integral with the outer 
sleeve 30 and extend at an angle into the bore of the outer sleeve. By extending from the 
outer sleeve 30 at an angle, the flexible ratchet arms 32 can be biased toward contact with the 
ratchet teeth 14. Such contact between the ratchet arms 32 and the ratchet teeth 14, 
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hereinafter referred to as an engagement between the ratchet arms 32 and the ratchet teeth 14, 
restricts, or locks-out movement of the plunger 10. However, by extending the flexible 
ratchet arms 32 from the outer sleeve 30 at an angle, the ratchet arms 32 can be easily 
deflected away from the ratchet teeth 14, hereinafter referred to as a disengagement between 
the ratchet arms 32 and the ratchet teeth 14. Accordingly, when contacted by the tapered 
upper body surface 28 of the main body 20 as described in greater detail below, the ratchet 
arms 32 can be easily deflected and disengaged from the ratchet teeth 14. 

The engagement between the ratchet teeth 14 and the ratchet arms 32 restricts 
movement of the plunger 10 in the proximal direction. However, the engagement between 
the ratchet teeth 14 and the ratchet arms 32 can be configured substantially similar to that of a 
threaded or screw engagement, while still allowing disengagement as described above. At 
least one edge of each ratchet arm 32 can be inclined at an angle to mate with a similar angle 
provided on at least one side of each ratchet teeth 14. The angles of the ratchet arms 32 and 
the integral ratchet teeth 14 can be configured to act as a lock, restricting at least proximal 
movement of the plunger 10, and as a threaded engagement between the plunger 10 and the 
outer sleeve 30. That is, the ratchet arms 32 and the integral ratchet teeth 14 can perform a 
dual function both as threads to create linear movement of the plunger 10 when the plunger 
knob 12 is turned, and as a ratchet lock to otherwise prevent movement of the plunger 10 
prior to disengagement. 

Accordingly, the engagement between the ratchet teeth 14 and the ratchet arms 32 
allows the user to "dial-in" the plunger 10 (creating proximal movement of the plunger), and 
"dial-out" the plunger 10 (creating distal movement of the plunger) via a turning motion of 
the plunger knob 12 by a user. Further, the disengagement between the ratchet teeth 14 and 
the ratchet arms 32, such as occurring through a deflection of the ratchet arms 32 away from 
the ratchet teeth 14, allows the plunger 10 to then be freely urged in the proximal direction at 
a limited rate by the rate-limiting spring 50. 

The outer sleeve 30 further provides the integral travel limits or stops 34 protruding 
into the bore of the outer sleeve 30. The integral stops 34 engage the stop 22 of the main 
body 20 to limit movement of the main body in the distal and proximal directions within the 
outer sleeve 30. The limit in the distal direction coincides with the disengagement position 
between the ratchet teeth 14 and the ratchet arms 32 occurring through the deflection of the 
ratchet anus 32 away from the ratchet teeth 14 by the tapered upper body surface 28. 
Further, the integral stops 34 also engage the stop 22 of the main body 20 to limit movement 
of the main body in the proximal direction within the outer sleeve 30 as the plunger 10 is 
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urged in the proximal direction by the rate-limiting spring 50, which in turn, urges the main 
body 20 in the proximal direction. 

The outer sleeve 30 further provides the integral travel limit or stop 36, which 
functions to capture the skin pressure or lock-out spring 52 between the stop 36 of the outer 
sleeve 30 and the stop 24 of the main body 20. Accordingly, movement of the main body 20 
in the distal direction relative to the outer sleeve 30 will function to compress the lock-out 
spring 52, and movement of the main body 20 in the proximal direction relative to the outer 
sleeve 30 will function to relax the lock-out spring 52. Accordingly, when in an exemplary 
use as described in greater detail below, there will typically be a movement of the main body 
20 in the distal direction relative to the outer sleeve 30 and the lock-out spring 52 will be 
compressed as the device 100 is positioned against a skin surface 90. 

When the lock-out spring 52 is compressed, the spring exerts an expansion force 
between the integral stop 36 of the outer sleeve 30 and the integral stop 24 of the main body 
20, thereby urging the main body 20 in the proximal direction and away from the ratchet 
arms 32 extending into the bore of the outer sleeve 30 and allowing engagement with the 
ratchet teeth 14. However, contact with the skin surface 90 forces the main body 20 in the 
distal direction, such that the tapered upper body surface 28 of the main body 20 contacts and 
deflects the ratchet arms 32 away from the plunger 10, thereby disengaging the ratchet arms 
32 from the ratchet teeth 14 and releasing the lock-out mechanism. 

The above components provide at least two functions in the exemplary embodiments 
of the present invention. First, an arrangement of the above components provide a rate- 
limiting mechanism, and second, provide a lock-out mechanism. In an exemplary 
implementation illustrating the rate-limiting and lock-out mechanisms, the operation of the 
device 100 is shown in greater detail in association with a number of pre-use, in-use, and 
post-use positions. Specifically, the device 100 is first shown in a pre-injection/dialed-in 
position in Fig. 2, and is then shown in a pre-injection/dialed-out position in Fig. 3. The 
device 100 is then shown an in-use position in Figs. 4A and 4B, and a post use position in 
Figs. 5A and 5B. Each position is described in greater detail below. Figs. 6 and 7 are 
perspective views illustrating an assembled and uncapped device 100, and an assembled and 
capped device 100, respectively, according to an embodiment of the present invention. 

Embodiments of the present invention provide an injection device 100, such as a pen 
injector, incorporating the lock-out mechanism designed to eliminate or minimize leakage of 
medicament during and after delivery to the intradermal space or any other body sites, such 
as the subcutaneous tissue. Leakage at the injection site typically occurs when too little force 
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is applied to the needle stop/skin surface interface during injection. When the needle is not 
fully seated or is partially seated, medicament may leak back through the skin or weep out 
through the puncture site. Embodiments of the present invention include the lock-out 
mechanism to ensure that the required needle puncture depth is realized prior to injection of 
medicament by preventing, or locking-out, the injection mechanism such as the plunger 10 
from advancing and delivering medicament until a specified force is applied to the skin 
surface 90. In the exemplary embodiments, this force can be between about 0.5 to about 5.0 
lbs., depending on the diameter of the needle stop 70 and gauge of the needle 72 that is used. 
The lock-out mechanism prevents leakage at the injection site caused by too little force being 
applied during injection of medicament. 

As noted above, certain applications can require very close depth accuracy to achieve 
medicament delivery within the intradermal tissue space which can be substantially achieved 
by providing the lock-out mechanism in accordance with an embodiment of the present 
invention. Certain other implementations of the present invention can further include the 
rate-limiting mechanism designed to further eliminate or minimize leakage of medicament 
during and after delivery to the intradermal space or other body sites. When the injection 
forces applied or injection rates employed are too high, the intradermal space (or bther 
receiving tissue) may be unable to retain the medicament. Consequently, the medicament 
delivered may be "jetted" past the desired tissue depth. Delivery at a predetermined or 
limited rate of injection therefore, is another means to ensure depth accuracy of medicament 
delivery. Embodiments of the present invention can further include the rate-limiting 
mechanism to ensure that a specific rate of injection is realized during injection of 
medicament by incorporating a rate limiting force such as the rate-limiting spring 50, which 
is positioned in-line with the injection mechanism portion of the pen injector device 100. In 
an exemplary embodiment of the present invention, the rate-limiting mechanism can be set, 
or armed by the user to deliver a desired dosage rate via the dialing in steps outlined above. 

The lock-out mechanism prevents the dosage of medicament from being administered 
until the injection device 100 is pressed against the skin surface 90 to a specified lock-out 
release force. That is, the lock-out mechanism prevents the dosage of medicament from 
being administered until the injection device 100 is pressed against the skin surface 90 
sufficiently to force the tapered upper body surface 28 of the main body 20 into contact with 
the ratchet arms 32 against the resistance of the compressed lock-out spring 52, thereby 
disengaging the ratchet arms 32 from the ratchet teeth 14 and releasing the lock-out 
mechanism. If at any time, the lock-out force is not achieved or adequate pressure is not 
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maintained, or if the injection device 100 is removed from the skin surface 90, the lock-out 
mechanism will re-engage and prevent the injector plunger 10 from moving, consequently 
preventing the dosage of medicament from being further administered. 

Once the lock-out release force has been achieved, the rate-limiting mechanism then 
controls the delivery rate. The medicament is then driven into the intradermal space by the 
plunger 10, or any other suitable injection mechanism, at the controlled delivery rate 
provided by the rate-limiting spring 50. Delivering the medicament at a predetermined rate 
of injection prevents it from jetting back through the skin or being delivered below the 
desired tissue depth, such as into the intradermal space. Accordingly, the rate-limiting 
mechanism is configured based upon factors such as the type of medicament to be delivered, 
the desired delivery depth, the needle gauge and effective length, and the injection force and 
pressures required to prevent the jetting phenomenon. 

In an exemplary use, the device 100 is firmly held by the outer sleeve 30 as the rate- 
limiting spring 50 is compressed by the user to provide a desired delivery rate. Specifically, 
the screw or threaded engagement between the ratchet teeth 14 and the ratchet arms 32 allows 
the user to "dial-out" the plunger 10 (creating distal movement of the plunger) via a turning 
motion of the plunger knob 12. Movement of the plunger 10 in the distal direction 
compresses the rate-limiting spring 50 which then exerts an expansion force between the end 
member 38 of the outer sleeve 30 and the shoulder 16 of the plunger 10, thereby urging the 
plunger 10 at a limited rate in the proximal direction within the device 100. The device 100 
is then placed against the skin surface 90 of a user. 

As the user firmly holds the device 100 by the outer sleeve 30 against the skin surface 
90, the needle 72 seats and the needle stop 70 ensures that the correct needle depth is 
achieved when contacting the skin surface. At this point, the injection device 100 is pressed 
against the skin surface 90 sufficiently to force the tapered upper body surface 28 of the main 
body 20 into contact with the ratchet anus 32 against the resistance of the compressed lock- 
out spring 52, thereby disengaging the ratchet arms 32 from the ratchet teeth 14 and releasing 
the lock-out mechanism which releases the plunger 10. The plunger 10 is then driven in the 
proximal direction by the compressed rate-limiting spring 50 to thereby provide a correct 
medicament delivery rate. The operation is more clearly shown in Figs. 2 through 5, 
described in greater detail below. 

In Fig. 2, the device 100 of Fig. 1 is shown in a cross-sectional view in the initial pre- 
injection state. In this view, the skin pressure or lock-out spring 50 and the rate-limiting 
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spring 52 are each shown in a relaxed state. Such a position may be provided for the storing 
of the device 100, as spring creep is eliminated. 

In Fig. 3, the device 100 is shown in a cross-sectional view with the plunger knob 12 
of the plunger 10 in a dialed-out state. To set the device 100 into the dialed-out state, the user 
can simply grasp and turn the plunger knob 12 of the plunger 10 while firmly holding the 
outer sleeve 30. Accordingly, turning the plunger knob 12 moves the plunger 10 in a lineal- 
direction away from the proximal end of the device 100, thereby compressing the rate- 
limiting spring 50. The plunger knob 12 can also be dialed-in, that is, turned such that the 
threaded engagement between the integral ratchet arms 32 and the integral ratchet teeth 14 
moves the plunger 10 in a linear direction toward the proximal end of the device 100 should 
the need occur to decompress the rate-limiting spring 50. 

The ratchet arms 32 restrict, or lock-out movement of the plunger 10 in the proximal 
direction until the ratchet amis 32 are disengaged from the integral ratchet teeth 14. 
Therefore, the dial-out movement of the plunger 10 is limited to the linear direction away 
from the proximal end of the device 100, and the plunger 10 is prevented from moving 
forward by the ratchet arms 32. As noted above, the dial-out movement of the plunger 10 
further serves to compress the rate-limiting spring 50, which is captured between the end 
member 38 of the outer sleeve 30, and a shoulder 16 of the plunger 10. As the plunger 10 is 
retracted to a desired position, that is, retracted to a desired dialed-out state, the dialed-out 
plunger 10 compresses the rate-limiting spring 50. The engagement of the integral ratchet 
arms 32 of the outer sleeve 30 with the integral ratchet teeth 14 of the plunger 10 prevents the 
plunger 10 from advancing the lead screw 62 and end-stopper 64, thereby locking out the 
injection of medicament. 

In Fig. 3, the skin pressure or lock-out spring 52 is shown in a relaxed, pre- 
compressed state. In Fig. 4A the skin pressure or lock-out spring 52 is shown in a compressed 
state. In Figs. 4A and 4B, the device 100 is shown in a cross-sectional view with the needle 
stop 70 pressed against the skin surface 90 and the needle 72 penetrating the skin and into the 
intradermal space. In this example, while firmly holding the outer sleeve 30 of the device 
100, the user applies a force toward and against the skin surface 90 of between about 0.5 to 
about 5.0 lbs. until the lock-out spring 52, which is captured between the stop 24 of the main 
body 20 and the stop 36 of the outer sleeve 30, has reached a fully loaded state or dead stop. 
The applied force ensures the depth accuracy of the needle 72 and medicament delivery into 
the desired intradermal space. Tins force also facilitates releasing the lock-out mechanism of 
the device 100, thereby allowing relative motion between the outer sleeve 30 and the plunger 
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10. The lock-out spring 52 captured between the outer sleeve 30 and the main body 20 
substantially determines the force required to unlock the lock-out mechanism. 

As shown in Fig. 4A, as the outer sleeve 30 is moved toward the skin surface 90, the 
tapered upper body surface 28 of the main body 20 which is stationary due to contact with the 
skin surface 90, comes into contact with the integral ratchet arms 32 of the outer sleeve 30 
until the ratchet arms 32 are disengaged from the integral ratchet teeth 14 of the plunger 10. 
Once the plunger 10 becomes disengaged from the outer sleeve 30, the rate-limiting 
mechanism or rate-limiting spring 50 controls the rate at which the plunger 10 is depressed, 
and the dosed medicament can be injected at a controlled rate into an intradermal space so as 
to prevent a jetting phenomenon. 

In Fig. 4B, the position of the device 100 in Fig. 4A is shown in a close-up cross- 
sectional view focusing on the lock-out mechanism and the rate-limiting spring 50. The 
plunger knob 12 is shown in a dialed-out state, thereby, resulting in the rate-limiting spring 
50 being compressed. The potential energy stored in the rate-limiting spring 50 subsequently 
controls the rate at which the plunger 10 is depressed for the delivery of a dosed medicament 
into the intradermal space. 

In Fig. 4B, the lock-out spring 52 is shown in the unlocked, or compressed state, due 
to the user applying a force toward and against the skin surface 90, thereby compressing the 
lock-out spring 52 between the moving outer sleeve 30 and the stationary main body 20. The 
lock-out released position is established by the relative motion between the outer sleeve 30 
and the main body 20 that occurs as the device 100 is pressed against the skin surface 90. 

This relative motion achieves a number of results. First, the relative motion between 
the outer sleeve 30 and the main body 20 disengages the integral ratchet arms 32 of the outer 
sleeve 30 from the integral ratchet teeth 14 on the plunger 10. This can be facilitated by 
providing the tapered contact surface 28 along an upper portion of the main body 20 which 
comes into contact with, and deflects the ratchet arms 32 away from the ratchet teeth 14 on 
the plunger 10. Second, an integral stop 22 extending from the main body 20, contacts the 
upper travel limit stop 34 integral with the inside of the outer sleeve 30 which prevents any 
further travel of the main body 20 away from the skin surface 90 relative to the outer sleeve 
30. With the plunger 10 released from the outer sleeve 30, the rate-limiting spring 50 
engages the shoulder 16 of the plunger 10 and acts to control the rate at which the plunger 10 
is depressed to deliver a dosed medicament into the intradermal space to prevent the jetting 
phenomenon. 
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In Figs. 5A and 5B, the device 100 is shown in a cross-sectional view in the post 
injection state. The rate-limiting spring 50 is shown in a fully unloaded state and has driven 
the plunger 10 to complete the dialed-in medicament dosage. Forces on the skin surface 90 
have been relieved, thereby allowing the lock-out spring 52 to return to an unloaded state, 
and to move the main body 20 from the integral ratchet arms 32 of the outer sleeve 30. The 
ratchet arms 32 then re-engage with the integral ratchet teeth 14 of the plunger 10, thereby 
locking out further movement of the plunger 10, lead screw 62, and end-stopper 64 of the 
injector device 100. 

The device 100 can then be secured by capping for later re-use or for disposal. Figs. 6 
and 7 are perspective views illustrating an assembled and uncapped device, and an assembled 
and capped device, respectively, according to an embodiment of the present invention. As 
shown in Figs. 1 and 7, which equally apply to both pre-use and post-use shielding, the 
device 100 can further include an inner shield 78, an outer shield 80, and the cap 40 for 
shielding and protection purposes. The inner shield 78 and outer shield 80 can be further 
configured to fit an exemplary needle stop and needle hub as described in greater detail 
below. 

In Fig. 8, an exemplary needle stop 70 is shown integral with an intradermal needle 
72 and needle hub 76. The diameter and geometry of the needle 72 and needle stop 70 can be 
configured in association with the lock-out spring 52 to determine a desired specified lock- 
out force, since excessive pressure at the site of the injection may result in discomfort to the 
user. The needle 72 can include any number of needle gauges, lengths and constructions. 
For example, needle lengths of between about 0.3 mm and about 2.0 mm are used for 
intradermal delivery, and needle lengths of between about 2.0 mm and about 5.0 mm are used 
for shallow subcutaneous delivery. These values may slightly overlap due to biological 
variables, such that needle lengths slightly less than 2.0 mm may be used for shallow 
subcutaneous delivery, and needle lengths slightly greater than 2.0 mm may be used for 
intradermal delivery, and so forth. The needles can be comprised of a number of materials, 
such as stainless steel, silicon or silicon compounds, polymers or plastics. 

In Fig. 9, an in-use position of the device 100 is shown in a perspective view, similar 
to Fig. 4A. In Fig. 9, the pen injector device 100 is shown with the needle stop 70 pressed 
against the surface 90 of the skin, and the needle 72 penetrating the skin into the intradermal 
space. The skin can be seen to be bowing below and around the needle stop 70 due to the 
force applied. As noted above, the applied force can be between about 0.5 to about 5.0 lbs., 
and can be applied to the outer sleeve 30 to thereby compress the lock-out spring 52. In Fig. 
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9, the device 100 is shown to have reached a fully loaded state or dead stop, wherein the lock- 
out spring 52 is folly compressed. Further applied force then facilitates the unlocked 
position, allowing relative motion between the outer sleeve 30 and the plunger 10. 
Specifically, further force releases the plunger 10 from the outer sleeve 30. Once the plunger 
5 10 is released from the outer sleeve 30, the rate-limiting spring 50 then engages the plunger 
10 for controlling the rate at which the plunger 10 is depressed, and delivers a dosed 
medicament into the intradermal space. 

The invention can be designed such that it can be configured by the end-user to the 
specific characteristics of the medicament being administered and the specific characteristics 
10 of the body space into which the medicament is being injected. Various drug formulations 
can be used with the device, such as aqueous liquids or solutions, particulate or colloidal 
suspensions, emulsions, gels, creams, pastes, dry solids and so forth. These various drugs can 
further include peptides, proteins, small organic and inorganic molecules, nucleic acids, or 
vaccines. 

15 Specific embodiments may be better suited for disposable (one time use) devices, 

while other invention embodiments may be better suited for reusable devices, based on cost 
and robustness of design. Accordingly, embodiments can vary depending on whether the final 
device design embodiment is disposable or designed for reuse. 

In still other embodiments of the present invention, other alternatives to flexing 

20 ratchet amis can include, but are not limited to, rotational ratchets, rack and pinion, 
elastomeric grips or donuts, halfhuts, variable contact frictional steps, ratchets on the plunger 
and/or on the plunger knob, lead screw/ratchet combinations, reverse rack and pinion, clutch 
mechanisms, ratchets engaging a lead screw, and so forth. 

In the exemplary embodiments of the present invention described above, springs 50 

25 and 52 are shown as helical compression springs, although other alternatives can include, but 
are not limited to, wave springs, Belleville washers, split washers, airpots, compressed 
liquid/gas cylinder modules, elastomeric springs, flexing beams or fingers, molded-in springs, 
and so forth. 

Still other embodiments of the present invention can include a valve placed inline 
30 with the pen needle that only opens when the lock-out force is applied to the pen needle. 
Also, a visual indicator can be provided to appear on the pen injector device when the lock- 
out force has been achieved. This serves to alert the user as to when an adequate amount of 
force has been applied to the pen injector and consequently to the skin surface to permit 
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administration of the medicament and to minimize discomfort at the injection site at the skin 
surface. 

Embodiments of the present invention can take the form of any injection device for 
delivering medication or other substances into a body space or to other locations were it 
would be advantageous to have a leak free delivery of liquid substances. The invention is not 
limited solely to the delivery of medication into the intradermal space. 

The exemplary lock-out and rate limiting mechanisms can be incorporated separately 
or in combination, into standard injection pens or other types of delivery devices, and are not 
limited to medicament delivery or usage in a medical device with lead screw based dosing or 
plunger mechanisms. 

Embodiments of the present invention can further provide both improved control in 
achieving an optimum injection depth and in eliminating leakage during and after injection 
than with existing injection pen devices. These are critical improvements necessary to take 
full advantage of the benefits of faster uptake of medicaments delivered into the intradermal 
space. 

Although only a few exemplary embodiments of the present invention have been 
described in detail above, those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments without materially departing from 
the novel teachings and advantages of this invention. Accordingly, all such modifications are 
intended to be included within the scope of this invention as defined in the following claims 
and their equivalents. 


15 


WO 2007/027204 


PCT7US2006/013924 


WHAT IS CLAIMED IS: 

1. An injection device, comprising: 

a main body extending between distal and proximal ends; 

an outer sleeve having an inner bore, wherein said main body is slidably engaged with 
said outer sleeve; 

a plunger slidably engaged with said main body; 

a lock-out mechanism for engagement between said outer sleeve and said plunger to 
restrict a linear movement of said plunger until a specified force is applied to said main body; 
and 

a rate-limiting mechanism for engagement between said outer sleeve and said plunger 
to control an advancement of said plunger. 

2. The injection device of claim 1, wherein said lock-out mechanism comprises: 

at least one ratchet arm, wherein said at least one ratchet arm is disposed on said outer 
sleeve and protrudes into said bore of said outer sleeve; and 

a plurality of integral ratchet teeth disposed on said plunger for engagement with said 
at least one ratchet arm, wherein said engagement between said plurality of integral ratchet 
teeth and said at least one ratchet arm restricts a linear movement of said plunger. 

3. The injection device of claim 2, wherein said engagement between said plurality of 
integral ratchet teeth and said at least one ratchet arm comprises a threaded engagement. 

4. The injection device of claim 3, wherein said plunger further comprises a plunger 
knob for rotating said plunger. 

5. The injection device of claim 4, wherein said threaded engagement allows a linear 
movement of said plunger when said plunger is rotated. 

6. The injection device of claim 2, wherein said main body further comprises an 
engagement portion to deflect said at least one ratchet aim when said specified force is 
applied to said main body. 
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7. The injection device of claim 6, wherein said deflection disengages said at least 
one ratchet arm from said plurality of integral ratchet teeth disposed on said plunger and 
allows said advancement of said plunger. 

8. The injection device of claim 7, wherein said lock-out mechanism further 
comprises a lock-out spring disposed between said main body and said outer sleeve to 
compress as said specified force is applied to said main body. 

9. The injection device of claim 8, wherein said lock-out spring substantially 
determines said specified force required to disengage said lock-out mechanism. 

10. The injection device of claim 5, wherein said rate-limiting mechanism comprises 
a rate-limiting spring disposed between said plunger and said outer sleeve, wherein said rate- 
limiting spring is compressed through said linear movement of said plunger when said 
plunger is rotated. 

11. The injection device of claim 10, wherein said compressed rate-limiting spring 
substantially determines an advancement rate of said plunger. 

12. The injection device of claim 1, further comprising an intradermal pen needle for 
penetrating a skin surface to inject a content into an intradermal tissue space. 

13. The injection device of claim 1, further comprising an integral needle stop for 
setting a desired depth for penetrating a skin surface. 

14. The injection device of claim 13, further comprising a visual indicator for 
indicating when the specified force has been achieved. 

15. The injection device of claim 1, further comprising a medicament cartridge for 
administering a dosage of medication. 

16. An injection device, comprising: 

a main body extending between distal and proximal ends; 
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an outer sleeve having an inner bore, wherein said main body is slidably engaged with 
said outer sleeve; 

a plunger slidably engaged with said main body; and 

a lock-out mechanism for engagement between said outer sleeve and said plunger to 
5 restrict a linear movement of said plunger until a specified force is applied to said main body. 

17. The injection device of claim 16, wherein said lock-out mechanism comprises: 

at least one ratchet arm, wherein said at least one ratchet arm is disposed on said outer 
sleeve and protrudes into said bore of said outer sleeve; and 
1 0 a plurality of integral ratchet teeth disposed on said plunger for engagement with said 

at least one ratchet arm, wherein said engagement between said plurality of integral ratchet 
teeth and said at least one ratchet arm restricts a linear movement of said plunger. 

18. The injection device of claim 1 7, wherein said main body further comprises: 

15 an engagement portion to deflect said at least one ratchet arm when said specified 

force is applied to said main body, wherein said deflection disengages said at least one ratchet 
arm from said plurality of integral ratchet teeth disposed on said plunger and allows an 
advancement of said plunger. 

20 19. The injection device of claim 17, wherein said lock-out mechanism further 

comprises a lock-out spring disposed between said main body and said outer sleeve to 
compress as said specified force is applied to said main body. 

20. The injection device of claim 17, wherein said engagement between said plurality 
25 of integral ratchet teeth and said at least one ratchet arm comprises a threaded engagement. 

21. The injection device of claim 20, wherein said plunger further comprises a 
plunger knob for rotating said plunger and creating a linear movement of said plunger. 

30 22. The injection device of claim 21, further comprising a rate-limiting mechanism 

for engagement between said outer sleeve and said plunger to control an advancement of said 
plunger. 
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23. The injection device of claim 22, wherein said rate-limiting mechanism 
comprises a rate-limiting spring disposed between said plunger and said outer sleeve, wherein 
said rate-limiting spring is compressed through said linear movement of said plunger when 
said plunger is rotated. 

24. A method for injecting medication, comprising the steps of: 
dialing in a desired measure dosage of medication; 

preventing injection until a specified force is applied against a skin surface; and 
limiting a rate of injection of said desired measure dosage of medication once said 
specified force is applied against said skin surface. 

25. The method of claim 24, wherein the dialing in step further comprises the step of 
rotating a rate-limiting mechanism to set said desired measure dosage of medication and to 
set said rate of injection. 

26. The method of claim 24, wherein the preventing injection step further comprises 
the step of activating a releasable lock-out mechanism by applying said specified force 
against said skin surface. 
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